• Strip-seeding of clovers into bermudagrass swards resulted in similar clover stand percentage compared with solid planting of clovers.
Abstract
Even though clovers can provide improved forage quality and reduced N fertilization when grazing stocker calves on warm-season grass pastures, stand establishment remains a concern. The objective of this research was to determine if alternative methods of seeding legumes into warm-season perennial swards could improve legume establishment. This research took place on 18, fouracre mixed bermudagrass [Cynodon dactylon (L.) Pers.], crabgrass [Digitaria ciliaris (Retz.) Koeler], and dallisgrass (Paspalum dilatatum Poir.) pastures at the University of Arkansas Southwest Research and Extension Center Stocker Unit. Pastures were seeded in October of 2013 to white (Trifolium repens L.), red (Trifolium pratense L.), or subterranean (Trifolium subterraneum L.) clovers either in solid stands at the recommended rate (2.0, 8.0, and 11 lb/acre, respectively) or in four 0.25-acre strips at twice the recommended seeding rate in a 3  2 factorial arrangement of treatments with three pasture replications per treatment combination. Growing heifers (n = 216; 614 ± 44.4 lb) grazed pastures from May to September 2014 and April to September 2015. Red clover was present later into the summer than white or subterranean clovers, but there were no differences due to seeding method. At the end of the grazing season, heifer bodyweight and gain was greater when grazing red clover than when grazing subterranean clover. Strip-seeded clovers in only 50% of the pasture area provided similar stands to conventional solid seeding and equivalent animal performance. Red clover grew later into the summer grazing season and provided greater animal performance than white and subterranean clovers. Beck et al. (2016a) reported that seeding clovers into bermudagrass swards increased the herbage mass above that of bermudagrass monocultures in the spring, were equivalent in herbage mass during the early summer, but had less herbage mass during the late summer. Replacing synthetic N with clovers in bermudagrass swards during the early summer can support the growth of herbage with a nutritive value equivalent or superior to that of bermudagrass monocultures fertilized with 100 lb N/acre, and clover in bermudagrass during the late summer can support herbage with a nutritive value equivalent to that of monocultures fertilized with 50 lb N/acre (Beck et al., 2016b) . Daily gains of steers grazing bermudagrass seeded with clovers were similar to those on bermudagrass monocultures fertilized with 50 lb N/acre (Beck et al., 2016c) . Jennings and Simon (2010) demonstrated that seeding white clover in strips equivalent to 25% of the pasture area using the same amount of seed commonly recommended for the entire area (4× the seeding rate in the seeded strip) resulted in equivalent total clover stand counts in strip-seeded and solid-seeded areas, with fewer acres covered by planting equipment. There is little data regarding the effects clover seeding in strips, compared with solid stands, has on stand development and the persistence of other clover species, or what effect strip-seeding of clovers has on animal performance. Thus, this research was designed to determine if alternative methods of seeding legumes into warm-season perennial swards could improve clover establishment success and animal performance.
Treatments, Research Site, and Pasture Establishment
Treatments in this experiment comprised white ('Barblanca'; BarenbrugUSA, Tangent, OR), red ('Barduro'; BarenbrugUSA), or subterranean (variety not stated; River City Seed, Little Rock, AR) clovers seeded in solid stands across the entire designated pasture at the recommended seeding rate (Ball et al., 2007) of 2, 8, or 11 lb/acre, respectively; or seeded in strips equaling 50% of the pasture area at double the recommended seeding rate (4, 16, or 22 lb/acre, respectively). The strip-seeding treatment was designed to use the same total pounds of seed for the entire area, but with only 50% of the area covered. Forage species in these pastures consisted of a mixture of warm-season grasses primarily common bermudagrass, crabgrass, and dallisgrass. Soils in twelve pastures were Smithdale fine sandy loam and six pastures were Una silty clay loam (Hoelscher and Laurent, 1979) . The treatments were randomly allocated to blocks (based on soil types) with equal representation of treatments in blocks. Clovers were interseeded in 7-inch rows to a depth of 0.25 inches via notill drill (Great Plains 1006NT, Salina, KS).
Pasture and Animal Management
Each of the pastures was subdivided into two 2-acre paddocks, calves (n = 6 per pasture) were rotated between paddocks every 7 days. Strip-seeded pastures were planted to respective clover species in two 0.25-acre strips the length of each paddock (for a total of four strips in each pasture). All pastures were fertilized with 100 lb NH 4 NO 3 /acre (34 lb N/acre) on 12 June 2014 and 15 June 2015 to influence warmseason grass production during the late summer.
Preconditioned heifer calves (n = 108 each year, body weight [BW] = 614 ± 44.4 lb) were allocated to groups to equalize BW, then randomly assigned to pastures previously randomly assigned to the six treatments prior to planting. Heifers were predominantly Bos taurus, with the majority of heifers exhibiting mainly English (Angus or Hereford) or Continental (Charolais, Gelbvieh, or Simmental) breeding.
Forage Sampling and Analysis
Forage mass in each pasture was estimated monthly with a calibrated rising-plate meter with 20 sampling points per pasture (Michell and Large, 1983) . Calibration samples were collected by clipping all forage within a single 1-ft 2 frame in each pasture at each sampling to 1-inch stubble height with hand shears. Clipped calibration samples were dried 48 h to a constant weight under forced air at 122°F and were used to relate forage mass (lb dry matter/acre) to plate height using linear regression (SAS Inst., Cary, NC) for forage mass prediction, resulting in equations that explained 82% of the variation (P < 0.01) in forage mass. To estimate the nutrient composition of the forage consumed by cattle, samples were collected by hand-plucking 80 grab samples in each pasture, thus mimicking ingestive action of animals to approximate the herbage consumed by steers as described by Gregorini et al. (2006) . Stand counts of clovers were assessed in the spring before grazing, monthly during the grazing season, and in the autumn following grazing in each year using a modified step-point procedure (Owensby, 1973 Davis et al. (2002) that were developed using Arkansas forages.
Statistical Analysis
This experiment was designed as a 3  2 factorial arrangement of treatments using the pasture within each year as the experimental unit. Forage mass, forage nutritive value, stand counts, and animal performance were analyzed by analysis of variance using the Mixed Procedure of SAS (SAS Inst.). Clover species, seeding method, block (soil type), and the block  treatment interaction were included as fixed effects, while year and pasture within treatment by year were included as random effects. In the presence of a month  treatment interaction (P  0.05) for forage mass, nutritive quality, and stand counts, these factors were analyzed by month across year. Treatment least-squares means were separated using the predicted differences option of SAS (SAS Inst.).
Weather Conditions
The weather conditions encountered during the course of this experiment are presented in Table 1 . During April, precipitation in 2014 was less than the 86-year historical average (83% of the average) but was 183% of the average in 2015. Average daily high and low temperatures during April were slightly less than the 86-year historical average in 2014 but greater than the 86-year average in 2015. In the early summer (May, June, and July), precipitation during 2014 and 2015 was 98 and 154% of the 86-year average, respectively, and temperatures were near the 86-year historical averages. During the late summer (August and September), precipitation close to the 86-year average 2014 (94% of the 86-year historical average), but was less than the 86-year historical average in 2015 (72% of the historical average). Average daily high and low temperatures were greater than the 86-year historical averages for all years during this time.
Forage Mass, Stand Counts, and Nutritive Quality
Although the pasture blocks explained considerable variation in forage mass and nutritive quality among pastures (P  0.06; data not shown), there were no clover species  block or seeding method  block interactions (P  0.23; data not shown). Therefore, treatment least-squares means for clover seeding treatments are presented consolidated across soil types in Table 2 .
The stand percentage (Table 2) in May was greater for red (54 ± 4.3% stand) than for white (38 ± 4.8% stand) or subterranean (30 ± 4.3% stand) clovers, regardless of seeding method. In June, stand counts of red (34 ± 6.3% stand) and white (42.8 ± 6.3% stand) clovers did not differ from each other, but both were greater than for subterranean clover (14 ± 6.3% stand), with seeding method having no effect on stand percentage. In July a seeding method  clover species interaction was present, indicating that solid-seeded red clover had a greater stand percentage than strip-seeded red clover, and solidseeded white clover had a greater stand percentage than strip-seeded white clover. Subterranean clover had the lowest stand percentage, whether strip seeded or solid seeded. At the end of the grazing period, in September, red clover had an average stand of 8 ± 2.0%, with no discernible subterranean clover present and very little white clover present (0 to 1%) in pastures.
The forage mass (lb dry matter/acre; Table 2) in May was greater for red clover than for white and subterranean clovers, which did not differ, regardless of seeding method. In June, the forage mass did not differ among clover species or seeding method. In July there was a seeding method  clover species interaction, where red solid-seeded, red strip-seeded, subterranean solid-seeded, and white solid-seeded clovers had the greatest forage mass and subterranean strip-seeded had the least. In August and September, the forage mass did not differ with clover species or seeding method.
In May, the CP (Table 3) of red clover was greater than that of subterranean clover, and there were no differences for NDF, ADF, or TDN among clover species or seeding method. In June, CP was greater in pastures containing red and white clovers than in pastures with subterranean clover and was greater for solid-seeded than strip-seeded clover. Even though ADF and TDN did not differ among treatments in June, NDF was Table 3 . Effects on forage nutritive quality of clover species seeded into warm-season grass sward in solid stands or in strips.
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Month
Seeding method Clover species † SE greater in pastures containing subterranean clover than those with white clover, and red clover was intermediate. In July, the CP of red and white clover pastures was greater than those with subterranean clover. Acid detergent fiber concentrations were greater in red and subterranean clover pastures than white clover pastures in July, yet the NDF concentration was greater for subterranean clover than for red or white clover. Subterranean clover TDN was thus greater in July than the TDN of red or white clover pastures. During August and September, there were no differences for CP, ADF, NDF, or TDN among clover species or seeding method.
P-value
The change in the nutritive quality of the pastures during the grazing season in the current experiment closely aligns with the stand percentage-the greater presence of clovers up to July in red clover and white clover pastures corresponded with higher CP and TDN than in subterranean clover pastures. During the late summer, clover stands were 8% for all clover species and so could not be expected to affect nutritive quality of pastures. These results agree with those of Beck et al. (2016a Beck et al. ( , 2016b , who observed clover stand reductions during the late summer and concomitant decreases in forage mass and nutritive quality in the late summer compared with fertilized bermudagrass swards.
Animal Performance
Heifer bodyweight (Table 4) did not differ with clover species or seeding method either at the initiation of grazing or at midseason. At the end of the season, the BWs of heifers from red clover pastures were 24 lb/heifer greater than those of heifers from subterranean clover pastures, whereas heifers from white clover pastures were intermediate in BW and did not differ from those from either subterranean or red clover pastures.
The average daily gain (Table 4) of heifers was not affected by seeding method during the early summer, late summer, or across the entire grazing season. In the early summer, heifers grazing red and white clover tended to gain weight more rapidly than heifers grazing subterranean clover, whereas in the late summer, heifers grazing red clover tended to gain more rapidly than heifers grazing white or subterranean clovers. Across the entire grazing season, heifers grazing red clover gained 0.22 lb/day more than heifers grazing subterranean clover; and heifers grazing white clover tended to gain 0.13 lb/day more than heifers grazing subterranean clover. Beck et al. (2016c) also reported that weight gains of calves grazing bermudagrass pastures seeded with legumes declined during the late summer. Steers grazing legumes seeded into bermudagrass pastures had similar average daily gains as steers grazing bermudagrass fertilized with 50 lb N/acre, and total BW gains produced from legume pastures were greater than those from pastures fertilized with 100 lb N/acre (Beck et al., 2016c) .
Conclusions
Strip seeding of clovers into bermudagrass swards resulted in similar clover stand percentages as solid planting of clovers. With the similarity of clover presence in the sward, heifers grazing pastures that were strip seeded performed similarly to heifers grazing clovers that were seeded in solid stands. Red clover persisted longer into the summer than either white or subterranean clovers. Red clover pastures had an average of 8% stand percentage at the end of the grazing season in early September; the presence of red clover is not commonly observed in this area of southern Arkansas this late into the summer. Subterranean clover is a winter annual legume and does not seem to be a practical solution to the issues of reduced forage quality during the late summer, but both white and red clover appear to have utility in pastures for growing cattle in the South. ----------------------------Average daily gain (lb/day) ---------------------------- 
-------------------------------Body weight (lb) -------------------------------

